Introduction
The lack of specificity of the immunosuppressive agents in patients with renal allografts often gives rise to fatal infections and toxicity (Hill et al., 1967) . The toxic effects of azathioprine are generally monitored by the peripheral white blood and platelet counts. However, the concomitAnt use of prednisolone, with its effects on the bone marrow, may make the circulating white cell count difficult to interpret (Woodruffe et al., 1969) . The (Zuhkle et al., 1967; Levine et al., 1970; Rodriguez-Iturbe et al., 1971; Wells and Jeremy, 1971) . In the present study the follow-up of serum immunoglobulins was prolonged. The pattern of change was evaluated and related to the dosage of immunosuppressive agents, the creatinine clearance, the white cell and platelet counts, and the clinical events including rejection, infection, and other toxic manifestations.
Patients and Methods
Fifty-seven patients on the renal failure programme (Moorhead et al., 1970) Of the 57 patients 25 were selected for study on the basis of completeness of follow-up and graft function for more than one month. Twenty patients had first, and five had second grafts. There were 11 men and 14 women (age range from 20 to 57 years). The duration of follow-up varied from two to 36 months (mean 17-4 months) (table I) . In cases 2, 3, 6, 12, and 13 pretransplant serum immunoglobulins were determined in retrospect from stored sera; post-transplant studies were started from the eighteenth, seventeenth, twelfth, tenth, and eighth month after operation respectively. Donor selection, preservation of donor kidneys, and histocompatibility testing were consistent, and have been previously described (Festenstein et al., 1971) . Post-transplant haemodialysis was carried out in all these patients with Kiil dialysers. The number of haemodialyses that the patients required before the creatinine clearance reached 10 ml/min varied from 1 to 41, and the time taken to achieve this level of renal function was up to 78 days (tables I and II). Haemodialysis frequency varied between 1 and 5 times a week, depending on the clinical state of the patient, each session lasting from six to eight hours. 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19   2   3  6  12  13  15  17  18  21  23  24  27  28  29  30  31  33  35  36   48  41  30  26  37  30  33  43  57  23  43  29  23  35  43  41  42  48 fig. 2 , and the coefficient of linear correlation and level of significance were calculated. Correlations of clinical events and serum immunoglobulin changes were made. In group 2 (prednisolone 0-5 mg/kg/day and azathioprine 2 mg kg/day) the maximal depression was 40",, when the creatinine clearance was below 35 ml/min. As in group 1 improvement in creatinine clearance was followed by a gradual rise of serum IgG to the pretransplant levels.
GROUP 3
In group 3 (prednisolone 1 mg/kg/day and azathioprine 3 mg/ kg/day) serum IgG depression was more than 30"", and this persisted at all levels of glomerular filtration rate.
GROUP 4
This phenomenon was even more obvious in patients in group 4 (prednisolone 1-5 mg/kg/day and azathioprine 4 mg/kg/day) when the depression approximated 50%), though creatinine clearance levels reached 90 ml/min.
GROUP 5
A profound fall of more than 70°" was observed in patients in group 5 (prednisolone 2 mg/kg/day and azathioprine 5 mg/kg/ day (fig. 5 ). In this patient the average azathioprine dose was more than 3 mg/kg/ day and prednisolone more than 0 5 mg/kg/day. The creatinine clearance remained at 50 ml/min until two days before death from E. coli septicaemia and respiratory failure. Total immunoglobulins were less than 500 mg/100 ml, IgA was normal, IgM was not measurable, IgG was very low at 210 mg/100 ml and continued to decrease until it was 75 mg/100 ml, in spite of the administration of gammaglobulin by injection at monthly intervals. White cell count was normal during this period.
In case 54 ( fig. 6 ) low IgG was associated with "transplant" lung. IgG depression after the first rejection was further aggravated after a second rejection episode. Coinciding with the maximum depression of IgG (310 mg/100 ml) the patient developed a combination of pyrexia, extreme muscular weakness, tachypnoea, dyspnoea on the slightest exertion, hypoxia, and fluctuating renal function. Chest auscultation and radiography were uninformative. (table III) . Thus lower doses of immunosuppressive drugs did not cause an increased incidence of graft rejection in the latter group.
Discussion
Various patterns of change in immunoglobulins have been described in renal allografts (Zuhlke et al., 1967; Levine et al., 1970; Rodriguez-Iturbe et al., 1971; Wells and Jeremy, 1971) .
In this study the only consistent trend detected was IgG depression. High dosage of immunosuppressive drugs, low levels of creatinine clearance, and haemodialysis were the major influencing factors. When the creatinine clearance was less than 25 nl/min depression of IgG was common at any dosage level of the immunosuppressive drugs, and became more severe at the higher dosages. Prolonged utilization of prednisolone > 1 mg/kg/day and azathioprine > 3 mg/kg/day caused a significant fall of serum IgG and a rise in creatinine clearance not matched by improvement in IgG concentration. Though in group 5 ( fig. 1) there was insufficient data to correlate IgG and creatinine clearance beyond 5 ml/min, the results in groups 3 and 4 suggest that the drastic fall would be sustained in spite of improvement in glomerular filtration.
Haemodialysis was associated with a fall in IgG which was smaller than expected. This phenomenon was conspicuous with higher doses of prednisolone and azathioprine. Ultrafiltration on haemodialysis did not cause a significant change in serum IgG level-a fact confirmed in a study of non-grafted haemodialysis patients (Z. Varghese and J. F. Moorhead, unpublished data) .
Though IgG depression was most obvious in relation to graft rejection it was clear that rejection alone could not account for it, as the maximum fall of IgG occurred after the completion of Though in cases 2, 3, 6, 12, and 13 high-dose immunosuppression was given initially, very low serum IgG was not seen since immunoglobulin studies for these patients were started from eight to 18 months after the operation-at a time when maintenance immunosuppression was used and renal function had become adequate and stable. In case 14 the patient died of sepsis, but serum IgG was not measured because its significance had not been appreciated at the time.
Haemodilution could not account for falls in serum IgG. Serial packed cell volumes, a good clinical indicator of acute changes in plasma volume, bore no relation to IgG concentration ( fig. 4) . Loss of immunoglobulins in the urine was found to be insufficient to account for the serum changes (Levine et al., 1970) . The possible effect of blood transfusion could also be discounted, as these were given infrequently, and in any case bore no time relationship to the occurrence of IgG depression.
In studies of immune response in patients with autoimmune disease Swanson and Schwartz (1967) found that 65% of their patients had a significant selective fall of IgG during treatment with azathioprine accompanied by enhanced IgM synthesis. This phenomenon had been previously reported (Sahiar and Schwartz, 1965) in rabbits treated with mercaptopurine, and the authors suggested that the fall in IgG might cause IgM synthesis to be started through activation of a negative feedback process. Our finding of a reciprocal relation between serum IgG and IgM in some of our patients-for example, case 56 ( fig. 4 )-agrees with this observation. However, the fall in IgG cannot be attributed solely to azathioprine therapy, since prednisolone a mainstay of treatment in transplantation-is capable of decreasing IgG concentrations in chronic active hepatitis (Mackay, 1968) .
The effect of actinomycin C on serum IgG is not known, as it has always been used in combination with other drugs in these patients. Irradiation of the graft is unlikely to contribute to IgG change. The use of a combination of immunosuppressive drugs for conquering graft rejection made analysis of individual drugs difficult.
The association of low IgG and septic complications in renal allografts was reported by Harris et al. (1971) who found low IgG and leucopenia in six out of seven patients who had "late" infections after transplantation. The proximity of these to rejection and its treatment was emphasized. Anderson et al. (1973) found that azathioprine at 2 mg/kg/day was not associated with deaths due to infections in renal allograft patients. The data we have presented in this study show that at a dose of 2 mg azathioprine/kg/day and prednisolone 05 mg/kg/day serum IgG improves if creatinine clearance rises, but at a dose of azathioprine > 3 mg/kg/day and prednisolone > 1 mg/kg/day ( fig. 1 ) IgG depression persists irrespective of glomerular filtration rate.
The complexity of the clinical transplant setting makes it difficult to attribute the lower incidence of fatal infections in the last 43 patients to the monitoring of IgG concentrations alone. Increased experience and awareness in the detection and management of complications are important contributing factors.
Our data are insufficient for meaningful statistical analysis, but we suggest that monitoring of IgG-particularly in the immediate post-transplant period when IgG might be expected to be low-is useful in modifying immunosuppressive dosage. Of 466 transplant deaths in Europe in 1970-1 (Brunner et al., 1972) no less than 38-1% were due to uncontrollable infection in the first two post-transplant months. The same study pointed out that 18% of cadaver kidney recipients in 1970-1 died of infections, and that infection was likely to remain the principal cause of death with present immunosuppressive regimens. Experience in the United Kingdom alone is similar, infection-the principal cause of mortality-accounted for 41 % of deaths in renal allograft patients (Royal College of Physicians, 1972) .
In comparison with leucocyte and platelet counts IgG measurement has proved to be a more consistent, reliable, and objective guide-probably of greater value in respect of azathioprine than prednisolone dosage.
Frequent measurements of serum IgG, in addition to haemotological counts should be carried out when the creatinine clearance is less than 25 ml/min, and when high dose immunosuppression is used. Serum IgG should probably be kept above 500 mg/100 ml. Below this arbitrarily chosen concentration fatal sepsis occurred in three patients. Azathioprine of > 3 mg/ kg/day and prednisolone > 1 mg/kg/day should not be used for long periods, and frequent monitoring of toxicity at this dose level is essential.
